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Purpose: The purpose of this study is to compare the refracture rate of the cemented vertebral body of percutaneous curved
vertebroplasty (PCVP) and bilateral percutaneous kyphoplasty (PKP) in the treatment of osteoporotic vertebral compression fractures
(OVCEF).

Methods: Ninety-four patients with single segment thoracolumbar OVCF were randomly divided into two groups (47 patients in
each) and underwent PCVP or bilateral PKP surgery, respectively. Refracture of cemented vertebral body, bone cement injection
volume and cement pattern, cement leakage rate, total surgical time, intraoperative fluoroscopy time, preoperative and postoperative
Cobb angles and anterior vertebral height, Oswestry disability index questionnaire (ODI) and visual analog scales (VAS) were
recorded.

Results: The PCVP group had significantly lower refracture incidence of the cemented vertebral than the bilateral PKP group
(p<0.05). There was a significant postoperative improvement in the VAS score and ODI in both group (p<0.01), and no significant
difference was found between two groups. The operation time and intraoperative fluoroscopy times were significantly less in the PCVP
group than in the bilateral PKP group (p<0.01). The mean kyphosis angle correction and vertebral height restoration in the PCVP
group was significantly less than that in the bilateral PKP group (p<0.01).

Conclusion: Both PCVP and PKP were safe and effective treatments for OVCF. The PCVP had lower refracture rate of the cemented
vertebral than the bilateral PKP group, and PCVP entailed less exposure to fluoroscopy and shorter operation time than bilateral PKP.
Keywords: osteoporosis, osteoporotic vertebral compression fractures, percutaneous curved vertebroplasty, percutaneous kyphoplasty

Introduction

For the treatment of osteoporotic vertebral compression fractures (OVCF), percutaneous kyphoplasty (PKP) and
vertebroplasty (PVP) produce better outcomes in pain relief, functional recovery, health-related quality of life and
lower mortality compared with non-surgical or sham treatment.'™

However, complications such as refracture of previously operative vertebral body have been reported.’ ' Refracture
of augmented vertebral body may result in decreased vertebral body height, aggravation of the kyphotic deformity, and
even compression of the spinal cord, which usually requires further treatment.

The commonly used puncture approach for PKP or PVP is a bipedicular approach. Unipedicular approach can get the
same pain relief as bipedicular approach, and it has been shown to have lower operation time, X-ray irradiation, wound
degree and better cost-effectiveness.'""'> However, in the traditional unilateral straight approach, bone cement likely only
fills the same side of application, while the contralateral vertebrae are poorly filled, which increases the risk of re-
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collapse of the non-augmented side."® Furthermore, compared to the bipedicular approach, the unipedicular approach
requires a more aggressive, lateral-to-medial insertion angle, which increases the risk of nerves or paravertebral vessels
injury.

Percutaneous curved vertebroplasty (PCVP) provides a new approach for the treatment of OVCEF, in which the curved
injection cannula can easily reach the contralateral hemivertebra body and achieve a uniform bone cement distribution in
vertebral body through unilateral approach'®'> (Figure 1). Compared to the traditional unipedicular approach, the
insertion angle of PCVP is less aggressive and lateral-to-medial which lowers the risk of injury to paravertebral vessels
or nerves. With the cannula withdrawn point-by-point, the cement is injected into the vertebra at each point through the
ventral side openings of the cannula, which makes the cement distribution in vertebra more uniform (Figure 1).

It is unknown whether PCVP can reduce refracture incidence of cemented vertebra compared to bilateral PKP. In this
study, we focused our research on the refracture of cemented vertebra compared PCVP with bilateral PKP in the
treatment of OVCF.

Patients and Methods

Patient Population

This study was designed to be a prospective and controlled study of 94 patients who underwent surgical treatment of
OVCEF at our hospital by the same operation team. In this study, cases with a BMD T-score < —2.5 at the lumbar spine,
total hip or femoral neck as measured by dual-energy X-ray absorptiometry (DXA) device (Hologic, Inc. Discover Wi,
USA) were diagnosed with osteoporosis. Lumbar vertebra DXA measured the lumbar 1-4 levels and excluded any
vertebral body with fracture. This study was conducted in our orthopedic department from May 2020 to September 2021.
This study was approved by the ethics committee of our hospital. Written informed consent was obtained from each

Figure | (A) Percutaneous Curved Vertebroplasty Device; (B) The bone cement distribution of PCVP is kidney-shaped and mainly located in the anterior and middle of the
vertebral body; (C) insert curved injection cannula via straight trocar into the contralateral hemivertebra body; (D and E) The bone cement was injected with the cannula
withdrawn point-by-point.
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patient prior to the study. All methods were carried out in accordance with relevant guidelines and regulations, and the
study was performed in accordance with the Helsinki II declaration.

Inclusion and Exclusion Criteria
The inclusion criteria for the study were as follows: (1) patients aged > 60 years, both men and women; (2) local back
pain in the midline without neurologic deficits; (3) OVCF at only one level as determined by magnetic resonance
imaging (MRI) with no pedicle fracture; (3) less than 50% compress of the vertebral height, as determined by lateral
plain radiographs; (4) vertebral compression fracture within 3 weeks; (5) granted informed consent to enroll in the trial.
The exclusion criteria were as follows: (1) vertebral compression fracture caused by other reasons than osteoporosis
such as tumor, vertebra tuberculosis, bacterial infection, etc.; (2) largely incomplete vertebral posterior margin bone
destruction; (3) >50% compression of vertebral height; (4) more than one vertebrae compression fractures; (5) patients
have Kummel disease, which is defined as if the radiographs or CT scans revealed air or fluid within the vertebra; (6)
burst fractures due to high energy trauma; (7) vertebral fracture more than 3 weeks; (8) Patient who had poor compliance
and could not complete the study as required.

Patient Randomization and Sample Size Calculation

There were 112 patients initially identified. In which, 12 patients did not meet inclusion criteria, 6 patients refused to
participate, leaving 94 patients included in this study. These cases included 17 males and 77 females, aged 61-92 years
(average, 72.57 years). Using a random distribution software, patients were numbered consecutively from 1 to 94 at the
time of admission and randomly divided into a PCVP group (n = 47) and a PKP group (n = 47).

Surgical Procedures

The patient was placed in a prone position. All procedures were guided by G-arm Fluoroscopy (Siemens Healthcare,
Erlangen, Germany) and completed under local anesthesia. All the operations were performed by the same spinal surgeon
who was a senior orthopedist.

PCVP Group

The device used in this study was designed and manufactured by Hicren (China), while polymethylmethacrylate
(PMMA) was produced by Heraeus (Germany). After local anesthesia, a unilateral pedicle puncture was performed
through the standard transpedicular approach, and the tip of puncture needle was punctured to the posterior 1/3 of the
vertebral body (Figures 1 and 2). Pull out the puncture needle core and place the curved catheter into the vertebra through
the straight cannula. Then insert the curved injection cannula to reach the contralateral hemivertebra body.
Anteroposterior fluoroscopy showed that the end of the curved catheter passed through the centrum midline to reach
the contralateral side of the vertebra, while the lateral fluoroscopy reached 1/3 of the anterior middle vertebra. Then, the
inner nitinol needle was pulled out, and the outer polyether-ether-ketone injection cannula was retained. The bone cement
was injected at each point when the cannula was withdrawn point-by-point through the side openings near the tip of the
injection cannula. The injection process was strictly monitored under anteroposterior and lateral fluoroscopy. When the
cement was uniformly distributed and close to the posterior wall of the vertebral body, the injection was stopped. Then,
the injection cannula was pulled out. When the cement outside is completely hardened, the needle is rotated and the
cannula sleeve is pulled out to prevent tailing phenomenon.

PKP (Percutaneous Kyphoplasty) Group

PKP was performed with a bilateral approach. The specialized instruments used in surgery were manufactured by Kinetic
(China), and PMMA cement was produced by Tianjin Synthetic Material Research Institute (China). Preoperative localization,
disinfection and anesthesia were identical to PCVP. The puncture needles were inserted into the collapsed vertebral body through
bilateral pedicles and punctured to the anterior third of the vertebral body with G-arm fluoroscopic guidance. After withdrawing
the core of the puncture needles, the guide wires, expansion pipe, and working channel were sequentially inserted. Then, the
inflatable balloons were placed into the vertebra. The contrast medium in the balloon was extracted after the balloon was
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Figure 2 (A-H) Intraoperative fluoroscopy imaging obtained during percutaneous curved vertebroplasty. After the introducer accessed into optimal position, the curved
injection cannula is inserted. The tip crossed the midline on anteroposterior fluoroscopy and at the forepart of the vertebra body on lateral fluoroscopy. The bone cement
was distributed in both sides of the vertebra.

sufficiently inflated. Then, the balloon was withdrawn. The bone cement was mixed with the reagent and injected into the
fractured vertebral body at the wiredrawing stage. When the filling cement was approached to the posterior wall of the vertebra
under fluoroscopy, the injection was stopped.

Self-ambulation was permitted the second day after surgery. All patients wore back braces after surgery for 1 month
and took oral vitamin D and calcium postoperatively. All the patients were discharged 1-7 days after operation. The
patients were followed up at 1 month, 3 months and every 6 months.
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Outcome Examinations

Clinical parameters such as age, sex, bone mineral density, trauma history, recollapse levels and chemotherapy history
were reviewed pre-operatively. VAS scores and Oswestry Disability Index (ODI) were recorded before the operation and
1 day, 3 months, 6 months and 1 year postoperatively; vertebral body compression rates (CRs) were measured as the ratio
of the anterior height of the fractured vertebral body to the average anterior height of the upper and lower vertebral
bodies. The restoration rate of vertebral height was calculated using the difference between preoperative and post-
operative CRS. The posterior convex angles (KAs) were measured by Cobb method, which is the angle between the
upper end plate of the upper vertebra and the lower end plate of the lower vertebra. The difference between preoperative
and postoperative KAs was used to evaluate the correction of kyphosis angle. Whether there is a non PMMA area
between the bone cement and the endplate was recorded. Non-PMMA-endplate-contact (NPEC) was defined as that the
injected PMMA was not in contact with any portion of the endplate in postoperative plain X-ray film.

All patients underwent plain film and MRI to determine vertebral refracture and to exclude other reasons of pain, such
as intervertebral disc herniation. The refracture of cemented vertebral body was diagnosed as the final anterior vertebral
body height more than 1.0 mm lower than the postoperative anterior vertebral body height.”'®

Radiological evaluation of X-ray plain films was performed immediately after the operation to evaluate the cement
distribution pattern in cemented vertebral body. Based on the distribution of bone cement in cancellous bone, it was
divided into two patterns: group 1: mass pattern; group 2: sponge pattern.

The surgical parameters were also assessed such as: (1) operation time (2) number of fluoroscopic images during
operation (3) bone cement injection volume (4) the incidence of cement leakage.

Safety indices include the incidence of nerve and vascular injuries and complications. Serious complications occurred
during or after the operation were recorded.

Statistical Analysis
The data analysis was processed using SPSS Statistics 19.0 statistical software (IBM, Chicago, USA). Continuous
variables were analyzed using independent #-tests.

However, paired sample 7-test and independent #-test were used to evaluate the inter-group and intra-group differences
between VAS and ODI data before and after surgery. Categorical variables were analyzed using Pearson chi-square test

or Fisher’s exact test. The statistical significance level was set as P < 0.05.

Results

Clinical Outcomes

There is no statistical difference in age, sex, BMD, BMI, vertebral region treated and mean time from injury between the
PCVP and PKP groups (P>0.05) (Table 1). In terms of the preoperative VAS scores and ODI, there were no differences
between the PCVP and PKP groups (P>0.05). VAS scores and ODI were significantly improved in both groups 1 day
after operation (P<0.05). In addition, there was no difference in VAS score and ODI between the two groups on the
first day, 6 months and 1 year after surgery (P>0.05) (Table 2).

Safety

There were no puncture-related complications during or after operation in both PCVP and PKP groups. There was no
significant difference in cement leakage rate between the two groups (P>0.05). There were five cases of leakage in the
PCVP group (two cases in the intervertebral space, three cases in the paravertebral segment vessels), eight cases of
leakage in the PKP group (three cases in the intervertebral space, three cases in the paravertebral segment vessels and two
cases in the front of the fractured vertebral body). There were no serious complications such as spinal cord compression
or nerve injury, spinal stenosis or pulmonary embolism at 1 year after operation.
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Table | Pre-Operative Demographic Data of Patients of Two Groups

Variable PCVP Group PKP Group P values
n=47 n=47

Sex (male/female) 9/38 8/39 0.466

Age (year) 73.27£3.49 71.86+3.77 0.571

BMI 23.52+1.75 24.17+1.62 0.326

Lumbar spine |—4 BMD (g/cm?) 0.774+0.05 0.786+0.07 0.549

Vertebral region treated 0.662

Thoracic (T1-10) 6 (12.77%) 5 (10.64%)

Thoracolumbar (T11-L2) 32 (68.09%) 35 (74.47%)

Lumbar (L3-5) 9 (19.15%) 7 (14.89%)

Mean time from injury (day) 7.25+2.51 6.77+2.71 0.455

Table 2 Pre- and Post-Operative VAS and ODI of Two Groups

Variable PCVP Group PKP Group P values
n=47 n=47

VAS (score)

Pre-surgery 7.37+0.88 7.51£0.96 0.529

24h post-surgery 2.35+0.43 2.28+0.56 0.628

6-months post-surgery 1.24+0.54 1.25+0.48 0.764

| year post-surgery 1.03+0.49 1.17+0.34 0.743

oDl

Pre-surgery 71.33%10.15 70.77%11.21 0.505

24h post-surgery 32.57+6.26 33.07+7.63 0.476

6-months post-surgery 15.44+4.28 14.87+5.45 0.727

| year post-surgery 13.71+£4.76 13.5945.18 0.753

Surgical Parameters

The surgical time in PCVP group was 23.0443.45 min, which is significantly less than that in traditional PKP group
(42.6243.05, P<0.01). The number of intraoperative fluoroscopy in PCVP group (17.77+2.38) was significantly less than
that in traditional PKP group (27.55+2.26, P<0.01) (Table 3).

Perfusion and Distribution of Bone Cement
In PCVP group, the average volume of injected bone cement was 4.61+0.88 mL. The average volume of bone cement
perfusion in bilateral PKP group (6.78 £ 1.48 mL) was higher than that in PCVP group (P<0.01) (Table 3).

The cement distribution in PCVP group was more even than bilateral PKP group. In PCVP group, there were only
two cases (4.25%) with mass cement distribution. Correspondingly, in PKP group, there were 26 cases (55.32%) of mass
distribution.
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Table 3 Surgical Parameters of Two Groups

Variable PCVP Group | PKP Group P values
n=47 n=47

Operation time 23.04+3.45 42.62+3.05 0.000
X-ray fluoroscopy 17.77+2.38 27.55+2.26 0.000
Mean kyphosis angle correction 7.5+2.25 11.35%£2.37 0.000
Vertebral height restoration (%) 6.39+2.77 16.16£3.16 0.000
Injection PMMA volume (mL) 4.61+0.88 6.78+1.48 0.000
Cement leakage 5 (10.64%) 8 (17.02%) 0.37
Refracture of cemented vertebra I (2.13%) 8 (17.02%) 0.014
Cement distribution pattern (mass /sponge, mass %) | 2/45, 4.25% 26/21, 55.32% | 0.000
NPEC (%) 9 (19.15%) Il (23.4%) 0.614

Radiographic Results

Before operation, the anterior height of the vertebral body in PCVP group and traditional PKP group were 20.24 +
3.57mm and 21.07 + 3.21mm, respectively, and there was no statistically significant difference (P>0.05%). After
operation, the mean AVH restoration in the PCVP group (6.39 + 2.77%) was less than that in the PKP group (16.16 +
3.16%, P<0.01). Before operation, there was no statistically significant difference in Cobb’s angles between the PCVP
group (17.53 £ 2.25°) and the traditional PKP group (18.74 £ 2.53°, P>0.05%). After operation, the mean kyphosis
restoration in the PCVP group (7.5 + 2.25°) was significant less than that of the PKP group (11.35 + 2.37°, P<0.01).
There were 9 and 11 cases with NPEC in PCVP and PKP groups, respectively, and there was no significant difference
between the two groups (P>0.05%) (Table 3).

Refracture Occurrence Rate
In this study, eight patients (17.02%) in PKP group and one patient (2.13%) in PCVP group appeared refractures at the cemented
vertebra, respectively. The refracture rate of PCVP group was significantly less than that of PKP group (P<0.05) (Table 3).

Discussion

Vertebral osteoporotic fracture can seriously affect the daily life of patients. Conservative treatment requires long-term
bed rest and fixation, which leads to further aggravated osteoporosis, hypostatic pneumonia, deep venous thrombosis,
bedsore and other complications. The PKP and PVP using PMMA is widely accepted as a safe and effective treatment of
OVCEF,'” which can provide rapid pain relief, biomechanical stability and partial vertebral height recovery. Early out-of-
bed activity after operation can also reduce complications in bed.

Complications associated with previous PKP or PVP, such as compression fractures of adjacent vertebral bodies, have
been reported.'®2° However, there are few reports of refracture or recollapse of cemented vertebral bodies after PKP or
PVP, and there are some controversies about the mechanism of refracture.®?! In the present study, the rate of cemented
vertebral refracture was 2.13% in the PCVP group and 17.02% in the PKP group, which was generally consistent with
the results of previous researches, ranging from 0.56% to 27.63%.% %3

Clinical manifestations of refracture include new pain consistent with the previous surgical site, progression of
vertebral height loss after PKP or PCVP, and MR imaging results showing recurrence or increased bone marrow edema
in the treated vertebra. In the present study, the refracture of the augmented vertebral body was defined as the final
anterior height being more than 1.0 mm lower than the postoperative anterior height.”'® Studies show that, when in
injured vertebra with Kummell osteonecrosis or intravertebral cleft (IVC), bone cement will be distributed in a cleft
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pattern or a solid lump rather than a trabecular pattern, which will increase the refracture rate of the augmented
vertebra.>?* In order to eliminate the interference of Kummell disease or IVC on the research results, patients with
Kummell disease or IVC were excluded in this study.

The results of this study show that PKP and PVCP can dramatically relieve pain immediately after surgery and no
significant difference was found in VAS scores and ODI between two groups. No puncture-related complications
occurred in both groups. The clinical outcomes showed that both the PVCP and the PKP were effective and safe
operations for the treatment of OVCF.

However, PKP (17.02%) has a higher rate of cemented vertebral refracture than PCVP (2.13%, P<0.05). Studies have
shown that PKP was an important risk factor for refracture of cemented vertebra after percutaneous vertebral augmenta-
tion (PVA).%>?® The biomechanical studies of Kim et al*® using cadaver vertebrae treated with PVP and PKP showed that
the average vertebral height loss of PKP was significantly greater than that of PVP, and the distribution of bone cement in
PVP was more even than that in PKP.

In PKP, we think that the inflated balloon squeezes cancellous bone around during expansion, which makes the adjacent
cancellous bone to be more dense and form a “cavity.” Cement tends to firstly fill this cavity left after balloon is withdrawn
rather than infiltrating into the surrounding cancellous bone. After the cavity is gradually filled, the bone cement becomes
viscous and has poor fluidity. By this time, it is difficult for the cement to diffuse into the outside of the “cavity” to form a good
cross-linking with the surrounding cancellous bone. Therefore, two masses are formed instead of interdigitated cement
distribution in PKP surgery (Figure 3), and this mass pattern cement distribution had also been shown to be a risk factor for
refracture.”” Studies suggest that cement distribution patterns may be an important predisposing factor for refracture.>*”* Yu
et al reported that after PVP treatment of OVCF with intervertebral cleft, the distribution pattern of solid block bone cement
could lead to a 12.5-fold increase in the risk of vertebral refracture.”” Compared with mass pattern, spongy pattern can better
maintain vertebral body height and reduce the risk of cemented vertebral body refracture.® In this study, 95.75% of the PCVP
cases were with spongy pattern and 55.32% of the PKP cases were with mass pattern.

In PCVP, the cement fills the cancellous bone of the vertebral body in an interdigitated pattern, which makes the stress
distribution of the cemented vertebrae more balanced. When the loading is transmitted through the augmented vertebra, the
sponge pattern of cement distribution in PCVP causes less stress concentration than mass pattern in PKP, resulting in less
refracture. Excessive recovery of vertebral body height is an important risk factor for cemented vertebral body refracture after

B W SN o ‘

Figure 3 A 70 years old male patient with T12 vertebral compression fracture underwent PKP. (A) T2 fat suppression MRI showed a fresh compression fracture of T12; (B)
preoperative lateral fluoroscopy; (C and D) anteroposterior and lateral fluoroscopy | day post operation; (E) Lateral plain film at | month post operation showed the
treated vertebra recollapsed and diffusely injected PMMA was condensed.
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operation.®”'? In this study, the mean vertebral height restoration and mean kyphosis angle restoration in the PCVP group was
less than that in the PKP group after operation (P<0.01). And the refracture rate of cemented vertebra of PCVP group was less
than that of PKP group. PKP can better restore the height of fractured vertebrae, but at the cost of partial destruction of
cancellous bone. Theoretically, the more the vertebral body height and kyphosis recovers, the greater the cancellous bone
injury. The damage to cancellous bone of PCVP was significantly less than that of PKP, which was one of the reasons for the
lower rate of refracture in PCVP. On the other hand, preoperative severe kyphosis with significant reduction in vertebral height
is suitable for PKP. Therefore, only cases with vertebral collapse less than 50% were included in this study. The results of this
study suggested that PCVP could significantly restore the anterior vertebral height and correct kyphosis, which was consistent

with the previous studies using PVP.%*°

We believe that the recovery of vertebral body height in PCVP is mainly due to body
position reduction after taking prone position.

The bilateral transpedicular approach is a standard technique for traditional PKP or PVP surgery. However, the bilateral
transpedicular approach also has disadvantages, such as a long operation time, more punctures and more intraoperative
fluoroscopy times.*' In recent years, many scholars proposed using unilateral pedicle puncture.'**'**%*3 Compared to the
bipedicular approach, the unipedicular approach has obvious advantages such as less surgery time, trauma, device cost, and
radiation exposure, as well as lower risk of cement leakage.'""'*> However, compared with the bipedicular approach, it
requires a more aggressive puncture approach angle from the lateral side to the medial side, which leads to penetration of the
inner wall of the pedicle and increases the risk of spinal cord and nerve root injury.®'=*3

Studies have shown that the clinical efficacy of the unilateral approach is similar to that of the bilateral approach.'?
However, using the traditional straight unipedicular approach in PVP or PKP, the cement is likely confined to the
ipsilateral side of the vertebral body and cannot effectively diffuse through the midline to the collateral side. The
distribution of bone cement is “O” shaped, and the uneven distribution of bone cement may increase the risk of
recollapse of the non-cemented side, especially when lateral bending, resulting in refracture.'>3%%7

In PCVP, a curved injection cannula is used through a standard unilateral transpedicular approach, which allows easy access to
the contralateral hemivertebra body. Compared to the traditional straight unipedicular approach, it is safer because it requires less
aggressive and lateral-to-medial, which lowers the risk of spinal cord or nerve roots injury. Surgeons who master the basic
technique of transpedicular puncture can achieve a uniform distribution of bone cement on both sides. In this study, no puncture-
related complications occurred either during or after the operation. In PCVP, as the curved cannula is withdrawn point by point,
bone cement is delivered into the vertebral body at each point through the lateral opening of the ventral tip of the cannula. This also
makes the bone cement distribution more even in both the ipsilateral and contralateral sides, unlike localization around the
puncture channel in the traditional PKP or PVP. Chen et al found that the symmetric distribution of bone cement was closely
related to the stiffness of the vertebral bodies.'® In theory, with multiple points of cement delivery, the injection pressure is lower
than the traditional straight unipedicular approach or bipedicular approach PKP or PVP, and which also minimizes the risk of
cement leakage. However, although the number of cement leakage cases in PCVP group (five cases) was lower than that in PKP
group (eight cases), there was no significant difference between PCVP and PKP group in cement leakage (P>0.05). In PKP
surgery, bone cement becoming viscous with poor fluidity after filling the cavity left by balloon withdrawal is a likely reason why
the cement leakage rate is not high.

In PCVP, bone cement is dispersed in the anterior and middle of the vertebral body. But in PKP, bone cement is
mainly filled on the side of the vertebral body.

Unlike the H-type of PKP or the O-type of PVP through traditional unilateral approach, the bone cement after PCVP
showed kidney-shaped and mainly located in the anterior and middle of the vertebral body which is the main area of
osteoporotic compression fracture (Figure 1). The distribution of bone cement is more consistent with the biomechanics
of fractured vertebral body and can provide better support for vertebral body.38 Meanwhile, PCVP also has the same
advantages as unilateral approaches, such as less operation time, puncture risk and X-ray irradiation.

In this study, the bone cement did not contact the upper or lower endplates of the treated vertebral body in 20 cases,
including 9 cases in PCVP group and 11 cases in PKP group (p>0.05). In PKP group, 6 of these 11 cases with Non-
PMMA-endplate-contact (NPEC) appeared as refractures of the cemented vertebra. In the PCVP group, the only case that
appeared to be refractured was not with NPEC, but the bone cement did not contact the upper endplate (Figure 4). It
suggested that bone cement not in contact with both the endplates was more likely to refracture, which was consistent
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Figure 4 A 65 years old female patient with T12 vertebra compression fracture underwent PCVP. (A) T2 fat suppression MRI showed a fresh compression fracture of T12;
(B) preoperative lateral fluoroscopy; (C and D) anteroposterior and lateral fluoroscopy | day post operation showed that the cement did not contact the upper endplate
(black arrow); (E) The X-ray at | month post operation showed the uncemented portions of treated vertebra recollapsed and refracture occurred (black arrow).

with other studies.'®***® Bone cement in contact with both endplates can provide better support in the vertical direction
for the load can be transmitted through the upper and lower endplates, which can better restore the strength of the
vertebral body.*” When bone cement contacts two endplates at the same time, the strength of vertebral body will increase
about 8—12 times, and the stress transmission will be significantly improved; However, when the bone cement contacts
only one of the endplates (upper or lower), the vertebral strength increases only about twofold.*® If the bone cement is
not in contact with either the upper or the lower endplate, there is a non-cement area between the bone cement mass and
two endplates. The non-cemented cancellous bone will be crushed progressively under Cyclic loading when the load
cannot transfer through it, and the refracture of the injured vertebral body will occur.>*' Studies have shown that
refracture mainly occurs in the cementless part of the vertebral body.*”

In present study, there were nine patients with NPEC in PCVP group, but none of them had refracture in the cemented
vertebra. In these nine patients, all the distribution of bone cement had a spongy pattern. However, in the six cases of
refracture with NPEC in PKP group, all the distribution of bone cement had a mass pattern. This may be related to the
fact that the mass distribution of bone cement is more likely to cause local uneven stress than the sponge distribution,
which will lead to refracture of cancellous bone around the mass cement under cyclic loading. These results indicate that
the distribution pattern of bone cement is important for the refracture of the cemented vertebra, even more important than
NPEC.

In this study, both PKP and PCVP groups had cases in which bone cement did not contact the endplate. The
cancellous bone below the upper endplate and above the lower endplate became condensed when the endplate collapsed
after vertebra compressed. When injected, bone cement always fills the low-density area first.

The bone cement is difficult to diffuse to the collapsed dense area, especially near the endplate. Even if the operator
intentionally penetrates the puncture needle into the collapsed dense area during the operation, the bone cement likely
does not diffuse to the collapsed dense area, but to the non-dense area.

The results of this study indicated that the volume of bone cement injected in PCVP (4.61+0.88 mL) was less than
that of PKP (6.78+1.48 mL), and the refracture rate of PCVP group was significantly lower than that of PKP group
(P<0.01). The results indicate that the more bone cement injection, the lower the rate of refracture, which is not correct.
The results of this study showed that there was no difference in pain relief between PCVP and PKP groups. Molloy et al
reported that 16.2% and 29.8% cement filling were required for the restoration of vertebral strength and stiffness,
respectively.*? The other study using finite element demonstrated that 15% volume of bone cement augmentation was
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required to recover stiffness of the fractured vertebrae to its pre-injury value and that excessive bone cement did not
provide greater benefit but increase the risk of cement leakage.*® Related studies also confirm the above view.***

Some scholars found that most of the refracture of cemented vertebral body occurred within 3 months after surgery.’
In this study, most of the refracture (9 of 12 cases) of cemented vertebral occurred within 1 month after operation,
suggesting that there is a higher risk of refracture within 1 month after surgery, and more attention should be given to
avoid the occurrence of cemented vertebral refracture during this period.

There are several limitations to our study. A major limitation of this study is the small number of cases. The follow-up
period was relatively short (1 year). Therefore, the conclusions of this study still need to be validated by larger

prospective randomized controlled clinical trials and longer follow-up.

Conclusion

Both PCVP and PKP were safe and effective treatment for OVCF. The PCVP had lower refracture rate of the cemented
vertebral than the bilateral PKP group, and PCVP entailed less exposure to fluoroscopy and shorter operation time than
bilateral PKP.

Abbreviations
OVCFs, Osteoporotic vertebral compression fractures; PKP, Percutaneous kyphoplasty; PCVP, Percutaneous curved
vertebroplasty; PVA, Percutaneous vertebral augmentation; ODI, Oswestry disability index; VAS, Visual analogue scale.
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